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FLIGHT TESTS OF A PUPvSUIT AIRPLAEE FITTED WITH AN 
EXPERH^IENTAL BELLOWS-TYPE BOB T-/EIGHT 
By John R. Sproiter and Ja^es M. Nissen 
SUIvmBY 

Flight tests were conducted to determine the longitudinal 
stability characteristics of a pursuit airplane when flovm with 
and without an experimental bellows— type bob weight. The bellows- 
type bob weight wan designed to utilize a column of gasoline in 
the auxiliary fuselage fuel tank as a variable bob weight in such 
a manner that the stick— free longitudinal stability of the airplane 
remained essentially constant despite center— of gravit^A movements 
due to variations of the amount of fuel in the auxiliary tank. 

With the experimental bob weight installed, the stick— free 
static stability remained approximately constant irrespective of 
the shift in center of gravity resulting from a change in fuel 
quantity in the auxiliary fuselage fuel tank. The bob weight 
shifted both the stick-free neutral point and the stick-free neutral 
mane-.''^;ering point rearward^ while the stick-fixed static longitudi- 
nal stability remained unchanged. Although the bob weight func- 
tioned satisf actorily^ its performance could have been eniianced by 
the reduction of the friction in the mechanism, 

DWRODUCTIOW 

To increase the range of pursuit aircraft it is often convenient 
to install an auxiliary fuel tank in the fuselage. In most instal- 
lations^ however^ the location of such a fuel tank must be far aft 
in the fuselage and^ hence, such a modification adversely affscts 
the longitudinal stability of the airplane. The investigation 
reported herein was conducted to provide a means of retaining 
satisfactory longitudinal-stability and -control characteristics 
regardless of the location of an auxiliary fuselage fuel tank or 
the amount of fuel in the auxiliary tank. 

Since the stability of the airplane varies with the amount 
of fuel carried in the fuselage fuel tank^ a variable-weight 
type of bob weight was proposed. In the bob-weight installation 
which was tested, termed a "bellows'' type, the variable inertia 
force was obtained by applying the varying amount of fuel in the 
fuselage tank to a piston built into the fuel tank and linked to 
the elevator control system. The addition of the usual 
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cons tan t~veight-type l)0^ wei&it to the control system va.s not 
considered de3ira."ble for this particixlaor prohlem^ inasmuch as on© 
of sufficient ma.ss to provide satisf cctcry maneuvering stick forces 
when the fuselage ta.nl^ vas full would result in stick forces which 
would ho ohjectionahly large ^^hen the airplane was flown with the 
fuGl tanl: empty. 

This report presents the resiilts of flight tests at the Ames 
Aeronautical Laboratory of a test airplane equipped with a bellows- 
type hoh-weight installation designed to provide essentially constant 
longitudinal-stability and -control characteristics despite centor- 
of-gra.vity changes due to varying amounts of fuel in an a.-:xiliary 
fuselage fuel tank. To facilitate construction and testing of the 
bob-weight installation^ the bob-weigiit system was designed for use 
with water rather than gasolinu and was tested on tha.t basis. 

T^ep-esentative effects of a bellows-type bob weight on the 
stability of the airplane as flown with gasoline in the standard 
fuselage tank are summarized. 

DESCRIPTIOI-I OF ;vPPAJ<ATUS 

The test airplane in which the bellcws-t^To 'bob weight was 
installed is a conventional singlo-place^ single-engine^ low-wing 
cantilever monoplane with conventional landing gear and partial-span 
plain flaps. A three-view dra^wing of the test airplane is sho\m in 
figure 1 a?id two photographs are shoTO in figures 2 and 3. 

The nature of the bob-weight installation is shown in the 
diagrammatic sketch of figure h. To simplify the construction of 
the experimental installation^ the standard tank was replaced by 
a duminy tank containing water. Details of the tank^ piston^ bellows^ 
and operating mechanism are shown in figures by and 7- The 
variation of elevator angle and bob-weight-piston position with stick 
position is shown in figure 8. Figure 9 shows the variation of 
average head of water on the bob-weight piston vith inclination of 
the airplane thrust axis to liquid level for the two quantities of 
water used in the tests. Tlie force ratio of weight on the piston 
to stick force was approximately 3.S to 1^ resulting in a stick- 
force increment of one-half pound for each inch of water above the 
piston. 

The cylinder around the piston sho\ni In figures h and 5 was 
designed to prevent sudden changes of force on tlie piston due to 
splashing and surging of the liquid. An orifice was provided 
near the bottom of the cylinder to peimit the liquid levels 
inside and outside the cylinder to be approximately equal. 

A large vent tube was attached to the top of the tank directly 
over the piston, allowing the air to flow freely in and out of the 
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tank as the piston was moved. To prevent having a force due to air 
pressure on the piston^ the tu"be was extended to vent into the same 
region as the "bottom of the piston. 

Although an effort \m.B made to keep the friction of the 
mechanism low^ it was found after construction that excessive fric- 
tion existed in the piston-rod guides^ if the guides were not oiled 
frequently. It was apparent that the friction characteristics 
could have been made satisfactory hy use of hall hearings in the 
piston-rod guide ^ hut lack of t?J3ie prevented making this alteration. 

BTSTEWIEHTATION 

Standard NACA instruments were used to record photographically, 
as a function of time, the following variables : elevator position, 
elevator control force, normal acceleration, airspeed, and inclina.- 
tion of the thrust axis to the liquid level. 

The elevator-position recorder was connected to the cable 
system in the rear of the f usela.ge . Elevator control forces were 
measured by an indicating dial in addition to the standard KACA 
recording instrument. A f ree-swiveling airspeed head was mounted 
about one chord length ahead of the wing near the tip. All air- 
speeds reported herein are indicated airspeeds computed by the 
following formula: 

Vi = 17031 ( 1 -1 i ^ 



where 

Vi indicated airspeed in miles per hour 

H free— stream total pressure 

p free-stream static pressure 

Po standard ateospheric pressure at sea level 

A pendulum-type inclinometer v^-as used to determine the inclina- 
tion of the airplane thrust axis to the mean wa,ter level in the 
fuselage tank. 



TESTS, RESULTS, ATTO DISCUSSION 

Tests of the airplane were made to determine the turning— flight 
stability, static stability^ dynamic stability, and maneuvering 
characteristics at three center-of -gravity positions with the "boh 
weight "both connected and disconnected. All tests were made with 
flap and gear up, normal rated power, and with the coolant flap 
locked in its equilibrium position at the trim speed. For each of 
the tests conducted in this investigation, the airplane wa.s ballasted 
to bring the center of gravity'- to approximately the position it 
would have occupied in the standard airplane having a fu.el level 
equal to the water level used in these tests. This ballasting was 
made necessary by the replacement of the standard fuselage tank by 
the dui:]my tank„ 

The test conditions were cb follows: 



! \ 

i Center-of-- 
B ob— we i gh t ! gr av i ty 
condition i position j 

! 
i 

1 


Center-cf- 1 Height of I Gross 
gravity j water level j weight 
position ! in fuselage ' before 
(percent ! ta,nk ! flight 
M.A.Cj (in.) i (lb) 


Disc onne c t e d ; F orwar d 


25.6 1 0 ; 5550 


Connected ' Forward 


25.6 I 0 i 8550 

, 1 , -i 


^ , 

Disconnected 1 Intermedia.te 


29.3 j 8 j 8775 


j 

Connected 1 Intermediate 


26.8 ; 8 8725 


1 — r 

Disconnected j Rearward 


31,2 1 16 1 8925 


Connected Rearward 


31.2 ■ 16 i 8925 



Throughout the remainder of the report, the test conditions 
will be specified by stating the bob-weight condition and the 
center-of -gravity position as shown in the above table. 

The lift coefficients used in the neutral-point determination 
were calculated by the following formula: 

WA7 

-T = — 

qS 

where 

Cl airplane lift coefficient 



W 



airplane weiglit (lb) 
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Az acceleration factor / Wm^ocel^'^-Um..mo^^ 
q -|-pV^^ free— stream dynainic pressure (ib/sq ft) 
S gross wing area (sq ft) 



Effect of the Bellows-Type Bob Weight on the Stability in 

Steady Turning Flight 

The longitudinal-stability characteristics in turning flight 
were determined from measurements made during steady unstalled turns 
at 150 and 25O miles per hour. Curves showing the results of the 
tests are presented in fi^TUire 10. 

The curves of figure 10 for the airplane with the bob weight 
disconnected indicate that the ar.rplane was stable at the forward 
center-of -gravity location^ was definitely unstable at the rear- 
ward center-of -gravity position^ and had approximately neutral 
stick-fixed stability at O5O miles per hoiAr at the interiiiediate 
c enter-of -gr av i ty p o s i t i on . 

With the bob weight connected the corves of figure 10 indicate 
that the airplane possessed stick-free stability in all the conditions 
tested. As would be expected^ the stick-fixed stability remained 
unaffected by the bob weight. 

A comparison of the ctirves of figure 10 for the bob-weight- 
connected conditions with those for the disconnected conditions 
shows that the bob weight added approximately 1 pound per g to the 
stick-force gradient with the fuselage tank empty and 7.5 pounds 
per g with the ta.nk full. 

Since the unstable stick-force gradients are encountered at 
rearward c enter-of -gravity positions corresponding to certain 
weights of gasoline in the standard fuselage tank, it may be seen 
that the stabilizing control-f orce-gi^adient increments vary in a 
manner consistent with constant stability requirements. Tliis may 
be contrasted with the usual type of constant-weight bob weight 
which adds a constant increment of control-force gradient at r.ll 
center-of -gravity positions. 

The computed curves shown as dashed lines in fLQm^e 10 were 
calculated from formulas listed in the appendix for the effect cf 
a bob weight and showed good agreement with the experimental curves 
except for the condition with 8 inches of water in the fuselage^ 
tank. It is believed that this deviation may be due to the cylinder 
trapping an additional quantity of liquid over the piston while the 
airplane was descending immediately before perfoi-ming the steady 
turns . 



6 



Figure 11 presents the variation of elevator control-force 
gradient with c en ter-of -gravity position. Tlrie curves for the hob- 
weight-disconnected condition were determined from figure 10 for 
the throe experimental center~of -gravity positions- Because data 
for the hoh-woiglit-connected conditions were ohtained at only one 
center-of -gravity position for each water levels it was necessary 
to establish the curves of elevator force gradient for each water 
level and acceleration factor by drawing lines through the single 
experimental points par.allel to the curves for the normal airplane 
at the corresponding acceleration fa.ctor. 

The variation of the stick-free neutral-maneuvering— point 
position (center-of -gravity position for zero stick-force gradient) 
with acceleration factor is sho^/m in fig^are 12. At 25O miles per 
hour^ the bob weight moves the neutral maneuvering point aft 
approximately O.5 percent moan aerodynamic chord when the tank is 
empty^ and about 6.0 percent when the tank is full. The neutral 
maneuvering point is shifted a slightly greater distance during 
turns at I50 miles per houjr. 



Effect of the Bellows-Type Bob Weight on tho Static 
Stability in Steady Straight Flight 

The static stability of tho airplane with and without the bob 
weight was determined in steady straight flight at speeds ranging 
from 120 to khO miles per hour while the airplane was trimmed for 
zero stick force at 3OO miles per hour. Curves showing those 
characteristics are presented in figure 13- 

Tlie cleva.tor control— force curves for the airplane with the 
bob weight disconnected indicate that the airplane had stick— free 
stability througjiout tho entire speed range tested at the forward 
center— of— gravity position, but that the airplane exhibited stick- 
free instability at low speeds with the center of gravity at the 
intermediate and rearward positions . At speeds over 3OO miles 
per hour^ tho airplane retained positive stick— free stability at 
even the most rearward tested center-of— gravity positions. 

The elevator control-force curves for the airplane with the 
bob weight connected indicate that tho stick-free stability of the 
airplane was increased so tha.t the airplane was stable in all the 
conditions tested. 

The computed curves shown in figure 13, which wore calculated 
by using the formulas listed in the appendix^ show good agreement 
with the experimental curves at high speeds and poorer^ but acceptable, 
agreement at low speeds. The latter variation is believed to be 
due to errors introduced in calculating the dynamic pressure at the 
tail by the momentum theory. 



7 



Figures l^l- and I5 present the steps used In determining the 
stick-frco neutral-statility points from the static-sta."bility data. 
Tho ratio of stick force to impact pressure was plotted as a function 
of lift coefficient in figure 1^^-. The slopes of these curves were 
then plotted in figure I5 a.s a function of center-~of~gra.vity position. 
The curves for the airplane with the tob-weiglit disconnected were 
determined from figure ih for the three c en to r-of- gravity positions, 
Because data for the "boh— weight- connected conditions were ohtained 
at only one center— of -gravity position for each water levol^, it was 
necessary to establish the curves for the hob— weight— connected 
conditions of figure I5 for each water level and lift coefficient 
by drawing lines through the single experimental points parallel 
to the cui^veo for the normal airplane at the corresponding lift 
coefficients . 

Tlio stick-free neutral pointy which is the centcr-of -gravity 
position at which 



where 

F stick force 

impact pressure 

is shown in figure I6 plotted as a function of lift coefficient • 
Because of the sca.tter and very low stick forces in the original 
data shown in figure 13^ the accuracy of the neutral-point deter- 
mination is questionable. However^ since the same method wa.s used 
throughout^ the trend of the change in neutral— point location due 
to the bob weight should be correct. The bob weight moved the 
neutral point aft approximately 0^ 2.0^ and ^.5 percent moan aero- 
dynamic chord,, respectively^ wixh 0^ 8^ and lb inches of water in 
the fuselage ta.nk. 

The variation of elevator angle with speedy which gives an 
indication of the stick-fixed static stability of the airplane ^ 
is shown in figure I3. The slopes of the curves indicate that 
the bob weight did not affect the stick-fixed stability of the 
airplane. The small change in elevator angle caused by the bob 
weight is due to the different tab settings required to trim. At 
speeds below 3^0 miles per hour^ the airplane was nearly neutrally 
stable^ stick fixcd^ at tho intemediate contor-of -gravity position, 
but at higher speeds^ it appeared to be unstable, stick fixed, at 
all center-of— gravity positions tested. 
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Tlie elevator angle to trim in straight flight is shown in 
figure IT as a function of lift coefficient. In fig^^re l8 the 
slopes of the curves for values of Cj, ahove 0.2 are plotted 
against center-of -gravity position. This figure indicates that 
the neutral point is at 28. U percent mean aerodynamic chord. Only 
values corresponding to lift coefficients greater than 0.2 were 
plotted in this figure^ because the slopes for lower lift coeffi- 
cients were changing rapidly and were difficult to determine. At 
lower lift coefficients, it was apparent, however, that the stick- 
fixed neutral point would move forward. 



Effect of the Bellows-Type Boo Weight on 
D;^Tiamic Stability 

To determine the effect of the "bellows-type hob weight on the 
control-free dynamic stability of the airplane, time histories were 
recorded of the airplane and elevator motions resulting from 
suddenly deflecting and releasing the elevator. Tests were con- 
ducted with each experimental configuration at speeds of I50, 25O, 
and 350 miles per hour. Representative time histories of these manu- 
vers recorded at the highest speed tested are plotted in figure 19 . 

The oscillations of the airplane with the bob weight disconnected 
are shown (figs. 19(a) and 19(b)) to dampen satisfactorily when the 
center of gravity is as far aft as the intermediate position. At 
the rearward center-of -gravity position, however, figure 19(c) for 
the bob-weight-disconnected condition shoves that the airplane tended 
to remain in accelerated flight until the pilot resumed control. In 
all cases the elevator angle damped quickly to its steady value . 

With the bob weight connected figure 19 shows that the oscilla- 
tions were damped at all center-of- -gravity positions tested. How- 
ever, instead of the elevator returning to its trim position immedi- 
ately after being released, figures 19(b) and 19(c) show that it had 
a tendency, increasing with the amount of water in the fuselage 
tank, to remain in a downward position for a short time following 
its release after an abrupt pull-up before returning to the trim 
angle. This resulted in the airplane pitching down more than did 
the normal airplane. It is believed that this effect is caused by 
the high friction between the piston rods and the plain sliding 
bearings. By providing roller-t;>Te bearings or other low-friction 
bearings, it is believed the undesirable friction could be 
eliminated. 
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Effect of the Bellovs-Type Bot Vfeight on the 
CharacteristicG in Maneuvers 

Time histories during abrupt turns were made for the airplane 
in each test condition. Figure 20 shovs time histories for the 
norma]., airplane at the forward and rearvrard center -of— gra.vity 
positions and for the airplane with the hob weight connected at 
the rearward center— of —gravity position. 

The cuT'ves of figure 20 for the odh -weight-disconnected 
condition show that the norma.! airplane has a stable variation of 
control force during a rapid turn a.t tiie forvrard center- of— gravity 
position. At the rearward center-oi--gi^avity position, however, 
the curves show that the contrcl forces reverse, and that the air- 
plane would tend to reach still higlier acceleration factors if the 
controls were released. 

With the bob weight ccnnocted and with the center of gravity 
in the rearvrard position, figure 20 shows that the control-force 
variation is similar to that of the normal airplane at the forward 
center-of -gravity position. Although somewhat high stick forces are 
necessary to start a change in acceleration factor, it is believed 
that this undesirable feature is caused by high friction in the 
mechanism and could be eliminated by using low— friction bearings on 
the piston rods . 

In addition to these tests, loops, slow rolls, and other 
maneuvers were performed to obtain the pilots^ opinions of the 
effect of the bellows-t;^np© t^ob weigl':t in maneuvers. No undesirable 
features were mentioned in the pilots* reports on these tests which 
have not been previously discussed. It is believed that all of the 
undesirable features encountered with the bellows-type bob weight 
can be attributed directly to the friction between the piston rods 
and their plain sliding bearings. 

Effect of BelDows-Type Bob Weight Sumjnarized 
for Standard Airplane 

In order to show the effect of a bellows-tj^-pe bob weigljt on 
the stability of the airplane as actually flown with gasoline in 
the standard fuselage tank, corrections have been made to the test 
data obtained with the experimental installation. Curves showing 
the representative variation of the stick-free static margin and 
stick-force gradient with amount of fuel in the fuselage tank are 
presented in figures 21 and 22. These figures show the effects of 
a bob weight having the same operating linkage as the experimental 
bob weight but having a piston area of 72.7 square inches located 
with its center line inches forward of the center line of the 
standard fuselage tank. Such an installation would produce the same 
effect with gasoline as the experimental bob weight produced with 
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water. Tiie centor-of-gravitv position with the fuselage tanl^ empty- 
was taken to 'oe a. 0.255 mean a,erodyna:aiic chord. 

Figure 21 is a cross plot 2nr..de from figure 11 showing the 
variation of stick-force gradient with amount of gasoline in tlie 
tank for the airplane with and without the hoh weight during steady 
kg tums at 250 miles per hour. Tlie control-force gradient of the 
normal airplane is shown to decrease rapidly as the qizantity of fuel 
in the fuselage tank is increased, becoming unstable when the tanlc 
is approx3j}iataly half full, hut the airplane with the hch weiglit 
connected exiiihits a staole, nearly constant control-force gradient 
for all quantities of fuel. Although figure 21 is determined for 
^g steady turns at 25O miles per hour, similar curves could he 
obtained at other speeds and acceleration fa.ctors. 

Figure 22 is a cross plot made from figure I6 showing the 
variation of stick-free static margin with amount of gasoline in the 
ta.nk for the air lane with and without the hob weight during steady 
fliglit at 250 miles per hour. The static m.argin for the normal 
airplane decreases rapidly, indicating a large decrease in stick- 
free static stability as the amount of fuel in the fuselage tank is 
increased. Tlie static margin for the airplane with the bob weight 
connected is more nearly constant, indicating that the airplane in 
this condition has a smaller stick-free stability change than the 
normal airplane. Although figure 22 is for a speed of 25O miles 
per hour, similar curves could bo obtained at other speeds. 

COITCLUSIOriS 

1. The tost airplane was longitudinally stable without a bob 
weiglit when flora at a forward conter-of-gra.vity position correspond- 
ing to no gasoline in the standard a.uxiliary fuselage fuel tank, but 
was unstable at a. center-of -gravity position corresponding to a 
fully serviced auxiliary tank, 

2. With the addition of the experimental bellows-type bob 
weight tested, the stick-free longitudinal stability of the airplane 
with tne auziliary tank full was almost equal to the stick-free 
stability with the tank empty. By slight 2-odesign of the bob-weight 
mechanism the stability could be made equal. 

3. The experimental bellows-t;:,rpe bob weight with 0, 8, and 
16 inches of water in the fuselage tank caused the stick-free 
neutral maneuvering point to move aft approximately O.5, ^.0, and 
6.0 percent mean aerodynamic chord, respectively. 

k. The experimental bollows-t;^^o bob weight with 0, 8, and 
16 inches of water in the fuselage tanlc caused the stick-free static 
stability neutral point to move aft approximately C, 2.0, and 4.5 
percent mean aerodjmamic chord, respectively . 
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5. The stick-fixed neutral point was found to "be a.t 2Q.h 
percent mean aerodynamic chord for speeds less than 300 miles per 
hour with or without the "bellows— tj^e boh weight. 

6. Excessive friction existed in the piston-rod guides of the 
mechanism if the guides were not oiled frequently. It was apparent 
that the friction characteristics could have "been made satisfactory 
"by the use of hall or other frictionless type hearings in the piston- 
rod guides c 



Ames Aeronautical Lahoratory^ 

National Advisory Committee for Aeronautics, 
Moffett Field, Calif., Octoher 10, 19kk. 
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APPEM)IX 

Calculated Effects of Bellows-Type BoId Weights 

The longitudinal-sta.hility characteristics of an airplane with 
power on cannot be computed accurately from theory at present "but 
must "be dotemined ex;:)er mentally . If the stability characteristics 
are known^ however^ the changes caused Dy the addition of a bellows- 
type bob weight to the elevator control system can be readily 
calculated . 

The increments of stick force produced in straight fligiht by a 
bob weight may be computed by the procedure described in reference 1^ 
provided the variation of stick force with indicated airspeed is 
kno"^ for several trim speeds. Beca.use sufficient data to use this 
method were not obtained during the flight tests, the computed curves 
were determined from the stick-force curves for the normal airplane 
by adding stick-force increments calculated by the following formula: 



+ Ki (^AzH - AZtrim^trim ) 
+ Fw (az - Aztrim ) 

where 

increment of pullstick force, pounds 
Az normal acceleration factor 

pull stick force required to balance the static weight 
of the bob—woight mechanism, pounds 

Ki ratio of required balancing pull stick force to the 

head of liquid acting on the bob-weight piston, 
pounds per inch 

H head of liquid acting on the piston, inches 

q-t dynamic pressure at the tail (ipV^) tail^ pounds per 

square foot 
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Snl) script 

trim values of the varia.'ble at the time the airplane is 
trinmied to zero sticlr force 

The dynamic pressure at the tail in power-on flight \t3.s computed 
using the following equation derived from the momentum theory: 





- , 550'bhp 
It - q + 


'1 


where 








dynamic pressure at the tail^ 


pounds per square foot 




free-stream dynamic pressure. 


pounds per square foot 


Ijhp 


engine "brake horsepower 




n 


propeller efficiency 




V 


true aar speed 




A 


area, of the propeller disk 





In using this formula, it was assijmed that there are no losses 
end that the tail is within the slipstream. A value of O.8O was 
assumed for the propeller efficiency. 

An examination of the first equation will show that the fore 
and aft location of the piston in the tank will have a secondary 
influence on the longitudinal stability of the airplane. If the 
piston is near the front of the tank, the term KiAzH will grow 
larger as the airplane 13 nosed down to obtain higher speeds, 
tending to lessen' the effect of the hob weight in increasing the 
static stability of the airplane. In steady turns, the stabilizing 
bob-weight effect is increased at high speeds and decrea.sed at low 
speeds. The converse is true if the piston is fitted in the aft 
end of the tank. 

If a constant pressure is applied to the liquid as is done in 
some fuel-tank installations, the following term should be added 
to thie equation: 

^ n ^ttrim J . 
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wiiere 

Fp pull stick force required to "balance the additional 
pressure acting on the "boh— weight piston^ pounds 

An2r positive pressure inside the tanl-: would therefore produce an 
increment of stick force tending to stabilize the airplane in steady 
straight flighty but would not affect the airplane in turning fliglit. 
It would produce exactly the same effect as a spring pulling the 
elevate?." do\mward. 

EEFEPxENCS 

1. Phillips, William H.: Effect of Spring and Gravity Moments 
in the Control System on the Longitudinal Stability of the 
Brewster XSBA-1 Airplane. NACA ARF:, April 19^2. 
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Figure 3.~ Three-quarter rear view of the test airplane 
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INaE/MATIOM C?r TMRUJ5T AX/J2 
TO LiaUJD LE\/EL, 



5 

Q: ■ 
>^ 

r 



5 



f 

Q: 



0 



0 

Q 

0 



'10 



-ao 



i 

0: 



Or 



♦6 
+<2 



JOOO TO laoOO FEET AiST/yUDE 




0 SC3 WEIGHT DJSCONMELCTED 
250 MPH 

L BOB WEIGHT DISCONNECTED, 
/30 MPM 

□ BCB WEISHT CO/\/N/ECTED, 

O BOB WEIGHT CO/\/ .^ECTED, 
/50 A^PM 

COMPUTED^ BOB WEIGHT 

CONNECTED 
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^ 3 4 5 

ACOEiLEPATIO/Sl frACTOjQ ^ A 2 



(a) C.G. O.^.S^ M.A.C., rU3ELAOE TANK EMPTY 



riGURE 10 ~ EFTECT OF AC CHL ERAT I OM EACTO^ OM 
ELEVATOPf ANGLE^ ELEVATO/^ COA^/TRaL EORCE^ 
AND JNCLINATiCN T/-^f^U>5T A^/^ 

LIQUID LEVEL., TURA///VG fL/GHT. 



TO TME 



* A-6 * 
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0 



i 

0 
Q 

O 



^OOO TO /2000 rECl- ALTITUDE 




-10 




G 



B03 WEIGHT DI3CON MELCl-El D 
CQ. 0.£93 M^C, aSO /V/P/~i 
WEIGHT DI3COr\l/\IECTED 



BOB 

c.a 

BOB 

C.O. 

QOB 
CG 



0.a93 M.AC.. ISO MPH 



WEIIGMT COr^MECTED, 

case K^.Ac.., 250 f\yiPH 

WEIGHT CONNECTED 
0.2&S M.AC'., /SO MPH ' 

COMPUTED, BOB WEIGHT 

CONNECTED 



*2Q 



-si 



§ 
0 



^10 




-/o 



-20 



O 



o 




d — 



ACCEL E. RAT/ ON /=>ACTO^ , A^ 



(b) c.G. y^eouT a.jS9 \^ac., e/ght /Nc/-tE3 or water 



/N rU^ELAGE tank 



^/GC/^E /O. - CONT//\IUED. 



A-6 



NATIONAL A DV I 50 ^ Y 
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3000 TO /aOOO FEEIT ALTITUDE! 




G BOB WEIGHT DISCONNECTS: D 
250 MPH 

A BOB WEIGHT DISCONNECTED, 
/50 MPH 

□ BOS. WEIGHT CONNIECTf: D 

❖ 303 WEIGHT CON/MECTEO 
/50 MPH 

COMf^UTED, BOB V'/E/G/iT 

CONNECTED 




^ O / £ 3 4 5 

^^ ' ACCELERATION rACTOf^ , A 2^ 



(C) C.G. 0,^12 M.A.a..^ /€ INCHES OF WATER IN FUSELAGE TANK. 
rfGURE 10. - CO/\JO^UDED. 
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^GOO TO jaoOO rEE,7~ ALTITUDE 




BOQ WEIGHT 

D/3CO ^NEC TE D. 

l^OB VSJEieHT CON- 
NECTED, rU^ElLAGE 
TAN^ EMPTY^. 

BOB WEIGHT CON- 



NECTED 3 IN. or WATER 
/N rU^ELAGE TANK. 



B03 WEIGHT CONNECTED, 



/e IN. or WATER IN rU3ELA(3E TANH. 



Z4 .^6 .^a .30 .sa, .34. 

CENTER-OE- GRAVITY POSITION ON MAC. 



.3e 



(o) 



£?.-5 0 NilLE3 /='EP^ MOU/^. 



nauRE ii - vARiAT ION or elevator control- 

rciRCE GRADIENT W/TH O E NT E/^- Or~ GRAVITY 
R03/T/a/\/. TU/^A/IA/6 Tl/G/yZ 
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d/3conne:cteo 

BOB BIGHT' CON- 

/sJBCTElD, ru:5E:LA(3C T'A/\^'K 

BOB HEIGHT COM- 

NBCTBD, (3 /N Or WATE Q 
/hJ rUBELAGB y-^M/K. 

BOB \A/B/QMT C OAy/\f BIOT B D ^ 

/(S //V. or WAJ-ER ruSELASE TANK. 

~E6 ~32 ~34 

CENTBR-OrG/^AVITV PO^/T/ON ON M.yA.C. 



(b) 



/SO /"^ILE^ PBR MOUJ^. 



riaURE I L - CONCL.UDED. 



.3S 
J5 

.34 

,33 

.3^ 

31 

30 

^9 

.27 
.^5 



303 YV^IGMT JDI5COr^/\/E:CT'ED. 

BOB WEIGHT CONN^OT-EID, rU3ELAGZ 

TANP< J^MPTy 

BOB WEIGHT CONMEICT-ED, 3 /A/. O/^ 

WAT^R /A/ rU3BL.AG,^ TANK. 

BOB WEIGHT CO/\//^f:CT-ED, !& IN. OT 

WATER /N ru^ElJLAGE TANK, 



^SO MPM 
J50 MPM 




e50 MPH 



/50 MP>ti 



Z^O MPH 
2i30MPH 

/30 MPH 
/50 MPH 
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3000 TO /^ooo 



ALTITUDE 



o 



ACCELERATION rACTOR , 



^ r/GURE IE.- VAP^IATION 0/=" ^T/O /T" /^P^E: E /SJETUTRAL- 
MANEUVERINCd -ro/nt ro^it-iom w/th 
hJORMAL ACC £l^^/=^AT /Or\/ FZACTQR. 



50 

-J 



-J 
Q: 

o 
o 



o 

i 



3000 TO J£000 



altitude: 



o/^coa//we:c T£:d 

o , 



-10 



o 



\ 

0 

Q 

I 



-10 



-ao 



HO 



^ X '/o 

0 ^ 



-20 



BOB WEIGHT 

^LETV TyAB /./"r\/03.E UP 
BOS WEIGHT CO/\I/\I£:CTEO 
EL^V. TAB /.O^MOISE UP 

compote:o, bob v\/eight 

CON/SIE.CTED 
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^ - ^ 0=^ 




^6 



0 



*2 



I 



-@ — e- 



— 



-OQ- 



/£0 



leo £00 Z40 £30 jao 

/ND/CATED AIRSPEED, MPH 



360 



400 



440 



(a) c.G. o.ase m,a.c., ruscLAaE t^nk emptv. 



riGC/^E /3.~ VARIAl-IOM OF ELEVATOR ANOLE^ ELEVATOR CONTROL 

rOf?CE, AND iNCLINATfO/^ THRUST AJCIS TO LIQUID LEVEL W/TH 

INO/CATEO yA/R2PEED. STPAI6HT FLIGHT 



-J 



0 



0 

ki 



-vl 



0 



*B0 



^10 



o 



~I0 



0 

^ 



vl 

0 

k s 

^1 



0 

Q -^6 



^OOO TO /eOOO rECy ALTITUDE 



o BOB 
C.G. 



V\yEIGHT DISCONNECTED 
QZ93 M.A.C., ELEV TA& 
AVO^E 



° ^03 WE /GMT 
C.G. 0.2&S M.A.C.. 
" NOSE ' ■ " 



CONNECTED 

ELEV. TAB 



COMPU TED S> OB WEIGH T 

CONNECTED 



*20 



-20 
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■ye 




leo 



/€>o 



240 



2eo 



320 



360 



4O0 



4-4.0 



/N/DICATED AIRSPEED , MPH 



(b) EIGHT INCHZ^ OF- WATER IN y~M£ f^USELAGE TANK. 



riGUPE (^.-CONTINUED. 



0 



*/0 



0 

Q 

1 



•10 




^ Q 



-ao 



*20 

-J 



-10 



'20 



*6 
^ 1-4 



^OOO TO I2.000 rEElT ALTITUDE 



O eOB WEIGHT D/5CON/\JECT~ED 
£LEV. TAB O.^^A^O^E UP 

0 &OB WEIGHT CONNECTED 
ELEV. TA3 /.^"NOSE UP 

COMPUTED^ 303 WEIGHT 

CON NEC TELD 
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— G- 



) - e ft 





l£0 



160 £00 £40 2dO 320 

/NDfCATE D AIRSPEED , M PM 



4O0 



440 



(C) C.G. O.^/B h/I.^.C, /6 INCHED )A/ATER /A/ T^H £ 

ru^SELAGE TANK. 



r/GURE /3. - CO^C^UDED 



.06 



^OOO TO /^OOO rElET ALT/TUDE 



\05 



\04 



t03 



-02 



.01 



.01 
:02 

'04 

\06 
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30B WEIGHT D/3CON- 

^Ec TEo, c.G. aase mac. 

-—BOB WEIGHT D/3CON- 
NECTED, C.G. MA.C. 

e>OB WEIGHT DI3CON- 

NECTED, C.G. O.^/^ M.A.C. 

---BOB WEIGHT CONNECTED^ 
a IN. or WATER IN rU3ELAGE 
TANK^ C.G. O.Z3Q MAC. 

E>OB EIGHT CONNECTED, 

/e IN. or WATER IN rU3ELAGE 
TANK^ C.G. 0.3/^ M.A.C. 



X 



X 



X 



X 



X 



'.07^ 



Z 3 4 .3 .6 7 
l^ITT COErr/CIENT 



.9 



AO 



IJ 



FIGURE /^.- VARIATtOM OT ^T/C/< /=^0/=?C E/ IM PACT 
PRE33URE WITH LITT OOET ma / EI NT^. 
STRAIGHT riJGHT 



^OOO T'O /^OOO rCEiT ALTITUDE 
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- Q 
- 

- Q 



Q2. 

Q3 

0.4 

0.5 

O.S 

07 

as 

as 



Q = o.j^ oe^ 0.7^ 0.3, O.Q, lO 



O 30 & WE}OHT D/3C0NNE:CTED op ru^EiLAGH TANK t.MPTY 
□ BOB WEIGHT CONNrj:Tm^Q IN. or \/^AT^R IN FU5LI AG^ TANK 
A 305 WEfGMT CONNE.CTC0 16 IN. or WATER IN FU^KLAGE TANK 



.as 



.s3^ .34^ .^e je 

CENTER- Or~GRAVITY POSITION ON M.A.C. 



40 



.4B 



.44. 



rieURE 1^ - VARIATION or 



WITH CELN-TELR-or-GRAVI-ry. ST/^eHT FL/G/VT. 
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^OOO T-Q /^OOO rEET ALTITUDE 



BOB WEltGHT D/3CONhJE:CT-ED 

OQ FUSELAGE TANK EMPTY 

BOB WEIGHT CONNECTED SIN. 

or WATEP IN rUSELAGE TANK. 

BOB WEIGHT CONNEICTED 16 IN. 

or WATER IN FUSELAGE TAN^. 



.40 



.36 



.32 



.23 




.24. 



LIFT 



4 6 
COEFFICIENT 



.<3 



I.O 



FIGURE, le. - 
POINT 



VARIATION or JSTICH-FREE NEUTRAL- 
P03ITI O N VVITM LIFT- COEFFICIENT 
T FLIGHT. 



Q 



q: 



^COO TO /2000 rELET ALTITU DEL 

O BOB WEIGHT O/SCONN^CTED 
Q 30B WSHQMT CONNElCTELD 




ruScLAOC TANK 
CG 0.253 Ayi.A\0. 



:mpty 



C3 C.SeS M.A\.C.- 



C G O. 293 M.AX.C. 1 

3 IN. or v\/ATr:R /;v 

FUScli-AG^ TANK 




/6 IN. Cr W AT ELI 
IN ruSELAGL TANK 
Ce 0.3\2 M.AC. 



A 

/-/TT C 



.s .e 

TFiClENl- 



N AT ION AL A2V I SO«r 
COM\«ITTEfc fU'f AEKONA'JTICS 



r/GUf^E /7. - VAQ/AT/0/\/ O/^ ETLEA^TOA? ^/\/<3i-£: 



J^OOO 7'0 /eOOO r^TET ALTITUDE 
LIFT COErriCfENT LAQO^Pf TMAKI O.Z 



0 a^O^ iA/E/GHT D/S C ON r\l ECTED 
C3 BOE> WEIGHT CONNECT ED 

rU3ELAO^ T-ANK EMPT^ 
A E>OD WEIGHT CONNECTED^ 

3 IN. or WATER /N rU^LLAGE 

TANK, 

^ 303 WEIGHT CONNECTEE) 
fO IN. or WATER JN EU3ELAGE 
TAMK, 



^1 



O 
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.^^ E6 .Z(3 .30 .3 a .^4 

CE NT ER-Or- GRAViTY POSITION ON M.A.C. 



riGURE /<3.-. vA^^AT/aN or ^(/^^^^-ro^ angle:) 

cfCUET COErr/C/ENT) 

WITH CE/^TER-Or-a/=?Ai//Ty' POJ5JTfON . 

STRAJGHT FLIGHT. 




t33 



Q 
•0 



*5 




WEIGHT Di5CQNNECTCZD 



r 
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BOB WOGMT CONNCCTEiD 



TIME, ^£C 



O 



T/h^E >5Ea 



(a) c G. a ^^(5 A^.^.a.^ ra^EUAGE tank EM/=>r'x, 



riGUQE /S - Tlf^E H/JST-OR/ES OF SHCRT- P£PJOD OSC/LLAT/ 0/V3 
RESULTING FROM AN ABRUPT PULL-UP AND RELEASE^. 



A-6 



36C 



350 



370 

TOT 

^ 



v4 



■si 

0 



V3 Ni -^<j 
I 



^ y O 



*5 
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£^25 Vy^lGMT DI3C0NNECT£:D 



BOB w£ic5hT connecti:d 
CO. case m,ac. 



2 4 



2 ^ 



(b) C.e. ^BOUT Oa9M.A,0,^ B/OHT- //sjcne^ or water in ru3£.LA6£: TANf^. 



rfGURE JS. - CONT/N UED, 



A-6 



^70 



^60- 



-350 



Z N 



^3 



*2 



*30 



-J 
0 



:5 



i 



0 



I 

9 --3 
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WEIGHT d\3conne:ct£:d 




30B W^JGHT CO/VN^CTED 




<3 



(c) C.G. 0,^I2 l\/f.A.C.^ J6 /NCHE:^ or WATER /A/ rU^ELAGE J-AMK. 



r/GUjRE 



/9. - CONCLUOEID, 



3lO 



300 



i-4 

O 




-10 



HO 
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O ^ 4 6 



e 



/o 



/o 



o e 4 6 e 
Time:, ^rc 

BOE> Wl^!GHT DISCONNECTED BOB WEIGHT DISCONNECTED 
ae. 0.2^6 M,A.C. C.G. 0.3/£ M.AC 



2 ^ a <3 /o 

TfME, 

&03 WEIGHT CONNECTED^ 
/a INCME3 or WATER IN 

FUSELAGE TANK 
C.G. 0.312 M,^C, 



FieU/^E aO. - TIME HI5TOQIE3 DURING RAPID RIGHT TURN3. 




GA2>0L/N^ IN ru3CLAGfZ 'TANK GAL I 
I I ^ ! 

^^•55 ^SO .JO 5 

CrNTER'Or-GQAVi^rV f^03JTI0N OhJ M.AC. 

r/Gu^a: ^/.— i/^^/^y/OA/ or iTLEiv^^ycD/Q 

CONTROL- rO /RO E G/^yAO^E/\/T V^/V/^ "THIE 

AMOursjir or o.^^oli/\ie /a/ j-he ^tandaqd 

ru^ELLAGE ^rAMK. O U R n\/ G ^ G J^ EEADV 
'rUf^N^ A'E ^^G> Ay7/LE3 /^ER MOUR. 



JiOOO TO /aOOO rEELT ALTITUDE. 




q 4o\ 6o ao I /oo 

G^50UME /A/ ru^ELAOE TANK, GAL ^^^^ 

.^55 .aeo .305 

CENTER -Or-GRAV/TY /=>05IT/0N ON M.A.C. 



FIGURE ea. - S/^R/^TJOM or ^T/CH - 

rREE STATIC t^lAPG/N W/TH AMOUNT 

or ga^oj-J/^e: w the: ^ta/^jO a t? i:> 

rU-^ri^A^GE 7'AN//< /DU^//\/0 ^3T/^AIGHT rLIGM' 

AT 2^cj mjle:^ /^e:r hour. 



